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conversion by NAVFAC. The barge is powered by three Voith-Schneider cycloidal
propulsors, one forward and two aft, which are used for station keeping,
maneuvering, and harbor transit. Normally the barge is towed from its
homeport to the operations site. In modifying the original barge a
considerable portion of the after skegs were removed to provide space for the
flow of the race from the aft propulsors. While the original YFNB barge was
reputed to have good characteristics under tow, after the conversion the
SEACON demonstrated a tendency to veer off to one side or the other of the tug
course, a characteristic known as directional instability. Giannotti & Buck
Associates, Inc., was contracted to investigate the problem by means of model
tests and recommend a solution. Central questions to be answered in finding a
solution were: What price would a solution extract in terms of increased
resistance, and would a solution affect the lateral thrusting capability of
the SEACON's aft propulsors.?
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1.0 INTRODUCTION

The SEACON barge is a self-propelled barge operated by the Naval

Facilities Engineering Command and used for sea construction projects.

Originally built as a U. S. Navy YFNB-type barge, the barge "tad been

operated by the National Aeronautics and Space Administration prior

to her acquisition and conversion by NAVFAC. The barge is powered by

three Voith-Schneider cycloidal propulsors, one forward and two aft,

iwhich are used for station keeping, maneuvering, and harbor transit.

Nor-- -ly the barge is towed from its homeport to the operations site.

In modifying the original barge a considerable portion of the after

skegs were removed to provide space fo- the flow of the rrace from

the aft propulsors. While the origina" YFNB barge was reDuted to

have good characteristics under tow, after the conversion the !EACON

demonstrated a tendency to veer off to one side or the other of the

tug course, a characteristic known as directional fnstability.

Ciannotti & Buck Associates, Inc., was contracted to investigate the

-roblem by means of model tests and recommend a solution. Central

questions to be answered in finding a solution were* What Dric? would

a solution extract in terms of increased resist._ce, ane would solu-

tion affect the lateral thrusting caoabilitv of te SEACON's aft

'ropulsors?
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.2.0 DESCRIPTION OF EXPERIMENTS

Arrangements were made to conduct the experiments at the Ship

Hydrodynamics Laboratory at the University of Michigan. This labora-

tory which has considerable experience in tests of this type, has as

its primary facility a ship model towing tank 313 feet long by 20

feet wide by 12 feet deep. A 1:32 scale model o' the SEACON was con-

structed for the test. Characteristics of the model and the full size

barge are given in Table I. The model was designed so that the pro-

pulsors could be removed and replaced by fairing pieces. The skegs

could also be removed and aft skegs were fitted so that they could

be turned at various angles to the centerline. Photographs of various

features of the stern of the model are shown in Figure 1.

"' For the directional stability tests the model was towed by cable

from the towing carriage. Trials indicated that the length of tow cable

had little affect on directional stability characteristics. A length of

tow cable of 25 feet model size, 800 feet full size, was used through-

out the tests. For several tests the tow cable was rigged to a qhort

bridle of one beam scope carried from the foredeck. A sketch is shown

in Figure 2.

Scale effects are inevitably nresent on directional stability

tests of barge models. The directional stability characteristics of

the barge, model or ship, are determined by a delicate alance of

the various lateral lift and drag forces acting on the hull and the

appendages. The boundary layer on the model is proportionally much

thicker on the model than on the ship, and thus the viscous forces

2



W E-4.,Z wr' P-4r.- -u----' CP C-4 - r-

4.-4

- r- 00 U') Lr4 'N) ') 0~ C

E--4

0- 0c cc) 00 00 000r

CZ' 0- .r ) U) C r

(1 LI r C

~-4 0 f~ 0 Lt~ L -4

- - - 4

00Lr

0 r-0 I 0 0f0 0

'N tt~ r- tO N .-IN

Lr. r-4r '

414

<C

0 -



.
m 

''

0 c

00
0d o

-4

d0

400

•H1 
..

> I ._

4- H

04-

%.,J

0)
00

$4 (d

00rj

a od M

rz ..-

.1 %

Fig I eal o aiusmdlstru0aneet



Trip Wire

Bridle

Ngure 2 Sketch of brile arrangement

].-5



- - -... .

are more prominent on the model than on the ship. The net effect of

this is to create a situation in which the model is less stable than

the ship, even with fully turbulent flow. In these tests a trip wire*

was mounted just aft of the stem to insure that the flow regime over

the model surface was fully turbulent. Various tanks have their own

criteria, based on experience, for compensating for scale effects.

At Michigan, experience has shown that for models of this size if

the double amplitude of the variation from the intended track is three

beams or less then the full size barge will tow straight and true, that

is, will be directionally stable. If the double amplitude of

model variation is greater than three beams then the prototype can be

expected to either wander back and forth across the intended track,

or simply veer off to one side and remain there. These conditions we

define to be directionally unstable.

Directional stability tests were conducted in a variety of

aope'dage and ballast conditions. Tirst, the hull with no appendages

was tested at two displacements (Tests 1.1, 1.2). Next the original

Y\"', skeg configuration was tested to establish a baseline for cor-

.nr_-r ns with known prototype character-istics. The effect of reroving

,s with only the V-S pronulsors remaining was exarined (Tests

.. - . Te original S'EACON ske-, configurat" ,s tte 4 at 5

an( 10 knots, at several c, la. conditions, and 1it7 and without

br'Yc. 't, various angles were tried on the af- -Kegq attemptinig

to achieve stability at the different ballast conditions (Tests I.l -

. a). Flaps were th.en installed on the outboard t, ii: g edges of the

S'.,s. On the model these flaps were small " t-iar- u' wco('en Dris'.- •

* A .')4" wire mounted girt'iw-se to "trip)" the Ini,.-'r beunKrv laver

_to the turbulent conditi.o- See r-gure 2.

6
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however, on the full size barge these flaps would simply be built up of

flat plate steel. A sketch is shown in Figure 3. A number of skeg angles

were tried with the flaps installed, at each of the displacements, and

with and without bridle (Tests 13.2a - 70). In all, 70 directional

stability tests were conducted with 16 mm motion pictures being taken of

selected runs. A summary of all the tests conducted together with the

results is tabulated in Table I.

Following completion of the directional stability tests, resist-

ance tests were conducted at the 8.50-ft and li-ft drafts with the skegs

in their present configuration, at various skeg angles, and with the

flaps added. The purpose of these tests was to assess the resistance

increase anc the speed loss which will accompany a directional stability

solution. Following standard Michigan procedures, the model was towed

by a ow n:, arm attached approximately amidships. Resistance was

measured by a force block in the towing linkage. Yaw restraints were

,rovi'-d at bow and stern. As in the directional stability tests trip

wire turbulence stimulators were used. Also, following standard prac-

tice the dummy V-S propulsor units were removed and replaced with fair-

ing pieces.

Yc t of the resistance tests were conducted at Condition hIA, the

7.75' x 0.25' draft condition. Tests were conducted at skeg angles of

) 0 0 0 0t as On00 2o 0e ° and 25 with flaps and at 0 and "50 wi-ho"u naps

test w,; conducted at Condition TVA, the 10.9' x 12.C' dernt. A"7 told,

thirty ni resistance runs were made.

7
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3.0 RESLtTTS

3.1 DIRECTIONAL STABILITY 7TES

Trials with various e-!7h c' 'nw ca'ble zneicat-ed 14ttle

e 'flerence in the amlt'. f'r,-ck dev-at -'r. f cc~r " ource.

Sim-.larly changing thie sne: 5 to 12 7t'c+- 1 knot

Tests wi'th the ori--!~ kgar~'ev t rc,'uced a

surn rise. The modol tow~csri~ n~t~en: %S-C 5 t

draart, bu-t at the 3. 50-ft- d-rft it proved to be nti o'

trarv to the r2put:ee beha.-vior or t11p Drotctype. Noeoaat-on

iq o'ffered 'orth.

Tests with if- - rcsert SFAC0ON, skoeop' ~ tc

stability a~l~h draft h)ut at norma. and c.

was unstable. In thi2s rosqpect- observed nroct.n avi'or

conifirmed.

Lxnerient~ Wth -- e barc e at 'ev-1l tri'7n r6wt ri':f

conf'rmed tegero-'l tenden cv : of" brw' tD 7,-71-17 V ' t' cct,

wit-- increaging qi.~n't 1. -t-''i~~6~~--

the 'I-2N rcV.' ovva c,~'"~- '~t"O.&

to be moredfic h' c-" t. 'o'

d'cCon several o:-' 't '2tK oe c-

'1,



The first series of tests seeking to stabilize the barge

involved turning the aft skegs out'3-,,rd at various angles. The

double amplitude of track variation has been Plotted for the

*various test conditions, including those with flaps added, with

the results shown in Figure 4. '- re, it is assumed that stability

in the prototype will be achieved when the double amplituee or the

imodel track i three beams or cs:, c.s discused a'-ove. A' Tht

draft the model proved to e sta'e e wit' t'? resent ='ae. arrage-

ment (00). At the 7.75' x 2" (-rmai 'ta~ t it ,-

necessary to set the skegs at ,-7 to achieve st&ilitv. ith

this discouraging develormont further pursuit of the -evy vv

placement wilth this skeg arran,-Aeent was abatdonee end attention

4, was turned to the instalat--" of fl -sThe floz ween d

on the traI!jng edges of the skers and t"c ceri-s wis r-Deotec.

Compare, for example the two lfinea , e "C.t ran "

ure 4. With flaps and no bridie the r'r1- -" cr .se" t,,

"stabe" line at 12 o whereas "he ii- r . ' th r fl5

case crosses at 35V. The eddmmor 0  te C - " ,.

effect ,s ,r increase of 23i t"v- - "

119.75' draft case was ne-: e;'-:ne n w"- ,

neceqarv tO. 7o to - 'eg n2' . U " ' -,

i .- der to at-i-ev ' cn, " - " , - a .- , " .... -

-. <ti.ca If ron a -esi.str ', ... -: - . T-,r .

5.o

"o whet er <, 'P.'vv C -' -- '. - , ' . n

o e' t ..."nn n n -o. A t " . . ccnvercati_- ' t' the

oSEACON's mater . ' ..- c .'it'' Conci:i." '.,, x x ..

Sc

S.%q

S-,.- -rr.-
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draft, to the test nlan. T-ests were renented with n ihu

bridle with results as showr 4n Figure -ab ~ Iv C'- a ev e

with bridle at a skeg angle of 20~ whVereas extrapolation suf7c ests

an angle of about 40without bridle will be necessary.

A cross plot on draft of tile nformation in Figure 4 is siown.

_n Figure This "igure shows --art 0' 15 0 skeg -v', .!-td sta-

*bilize the barge uD thouh e. (rat of 9 foot ar-ti that a 30 0;a T, -,1

-Id achiv sthi tvtrough7- lIf draft.

?.2 RESISTANC7 -=TS

Resisance -ests were n~ot a oart or* to'rii~:

work for _this studv: howevor, awcnv t ad tj-4

ns,)ect of th7 ogv as a-. ac:'-c' t, t-,, toalsablt

teqts in order o ar~<vevaluato ~ ~c fa-LVO -'1

b-*Iltv on inr'cease in resistance an~ e.~ -''''d~~(l~

The tocts --howed t'vit Sul st:"3 2. Lzt' 4 "'. C -. 'r

e'xact a heavy rc in t-erms o' -esistan,.e. I.' vC;e 'Io<o

and pro totvno rPFs-'ctpnceF- ancd Drotnor-e -~~

clean (smooths'kn rl t,,e c4eaa'okf~

is given in Tible'-n on( -'ot ted -'r~ r i(r. Tr,~~:~- ~ n

orescri- snee.

.n ierforn *-T-.a'

1,CC fri-t-o>. t a, o*

'o -Ile Smoot', C r1' - " ' C' s ~ V

cc'r -.- o'-d to t'-r 4-r ,~~~t C'-7y. ic ee

17

%,J~:f.'4, **~V. **,*



.'

NN

4 J

• ,

..

xo - - --

'./., C"

T "."<__ ::,
l /;.

--' 2 - ,--

' % q l - -V.-.



MODEL AND PR'T 1'OYP7< RESTANCE AND f"!To's

- - -Model -Prototype -

v t s sm ooth E1':s EPHs
Ft/sec lbs knots 1b¢ c 1c 'n ;ot rcui e2 bot

7.75' x ?.25' DRAFT

0 ° skegy an,'o, o TIC s

i.19 .118 3.99 23? 28 50
1.80 .238 ' . '."07 :7
2.12 .320 .... ,

L2.Q- .637 . 7,0, 97,

0 ske" rn,-, flaps

1.50 .261 5.01 2996
" . 2 -" 2 7 9 6 . ') ' .. .

2.1 .422 r)0 77>1"' "" / 4 , 0 /0.' 7 ' Z - '- '"

. "-, 2.042 1.1.7 -)7

1 .5 P .2 2 0 .9 : 7 7 1'93 IT -'

"3 .840 . ?i 6,

4.48 2.570 "866,-

150 skeg an-le, Clar.

S.40 .220 4.99 /e,0 7,.

3. 00 .920 IC.05 33077 -.. ' "c:
' . ', • ¢. 1). a4"0? 0. 2'.

200 ske(o, anF , 10 .1 T-

7 .499 . 12o1a 2:w" .2, , 1. 120 *O " ,,:, _":

1.'29-t,,% -25 'skq -n -

.460 - .r, .- 27,

"'1-<7 '9 0 3 " -<

" " ' : C >", , - .. . ," " -

A i., Co- 'cer.o Yr.e ?' - -'',\- 1
I r
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FIGURE 6 PROTOTYPE EHP vs SPEED FOR VARIOUS SKEG ANCLES, CLEAN AND

FOULED BOTTOM CONDITIONS, 7.75' x 9,25' DRAFT.
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is-some question involved here. Studies 'y Kan, et. a!.

and others have shown that ror a badly fouled bottom the Coeffi-

cient of Friction becomes Reynolds Number independent and assumes

a constant value. The magnitude of this value depends on the extent

of fouling and tends to a limiting value; h'owever there is not

general agreement on what this value is. A value of P.5 x 10- 3 is

suggested by Kan, et. al. and several orithc authors. Since the

SEACON bottom has been coated wit-. hot nl;st.c a somewhat ower

value is ornropriate. A C of 5.0 x 10- 3 was chosen on this basis

and to give .agreement with observed speeds.

With the skegs. at 0° there is no significant increase :n

resistance due to tle addition of the flans. At speeds from 5 to

l0 knots the resistance increase due to flaps varies from 307 to

14%. Wth flaos installed, the resistance increases for the skeg

ingle, necessary to achieve stnbilitv for th, -ormal and ' -1'vv is -

placements is shown in Table V. Increasos c' 65 - 76% comnareC to

the nresent configuration are noted for tie normal displacement and

125 - 140% for the heavy displace-lent.

The magnitude o' the skeg angle -esistance increment is, of

course, strongly, in fact nearly In v n .ependent on skeg angle.

l ess strongly dependent on soeed, aid yearlv indenendent o d4s-

-. -)'acements.

Thie magnnitude o' these increases tends to rlscourae fu".

S -11')i'iz at(Y1 over th'. entire displacement ra'v .

The estirte, or self-propelled speK o0s' inve've- -ome knowl-

-c'eP or estimation of -ronulsive charac,-_-'. t's not measured I"

these tests. owever 't fi known that w'th engines ,at -nm' re

"') Kan q., ': , '-, Tscchida, . - Vokoo, * ""' r ' f -
" ' " ~~o f ' o i li n c ' o - a ,'h i n ) s i ' a l l a ' " P r . ." . .' u p o n "-' ,- ' m : S v

Per-ormance," International Sinbu, . "n Prere-< , ,...-v

195,3, Vol. 5, No. 41



and with the bottom in its present condition the barge will make

a speed of 5.2 knots. In addition it is known that'the barge made

7.0 knots on trials with a clean bottom. Using these scraps of

information it is possible to work backwards, then develop a rough

projection. First, based on the present engines installed assume

a total BHP of 970 HP at the output stubs of the engine gears.

Then at 7.0 knots, from Table IV, the EHP will be 130. This in

EHP
turn will give a Propulsive Coefficient = = .134 for the

current engines, clean bottom case, an efficiency which is very

poor by any standard. Next, assume that the fouled bottom

Cf = 5.0 x 10- 3 discussed above applies. Discounting the P. C. by

20% to allow for blade fouling gives a fouled bottom P. C. o' .107

and an EHP of 104 which should correspond to the current barge

condition. This EHP, in turn, gives n soeeC (Figure 6) of

approximately 5.2 knots correponding to observations. For Dowering

ollowing replacement of the aft e-nines we will assume that the

full continuous rated horsepower of the vlant, 1020 BHP, will be

developed. This would give 137 FY' for the clean bottom case and

109 EHP for the fouled blade case. With the vulnerability of t is

array of assumptions kent in mind 4 is now possible to con truct a

sneed loss table, Table VI, wh'c' q*..-s some idea of the i",nact of

stabilization on self-provelled ,c K oss. The sel'-nropelied

spoed loss- inveved in stab lizat on is q'Tbhtantial--1L.25 k-,ts at

th, 7.75' x 9.25' draft and 1.85 knots at the 10' x 12' daf't for

the clean bot teo case. Speed loss under tow, as'umi'-, cp'tn-t

Doweo from the tug, nav also now be inferred and t*!S is shown in
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Table VII for the clean bottom case. Again, substantial speed

losses--from a knot and a half to nearly three knots--are noted.

Finally the impact of speed loss on transit time is shown in

Table VIII. For this example a constant power available from the

tug of 400 Tow Rope Horsepower (TRHP) is assumed. Actually, at a

lower hull speed of the tug somewhat greater TRHP will be

available for the tow so that this assumption is slightly

pessimistic. An outbound draft of 19' x 12' and a return draft

of 7.75' x 9.25' is assumed. Further, it is assumed that only

a 15 0skeg anle has been e _ecto, meaning that only partial

stabilization will be in effect on the outbound trip, while the

barge would be fully stabilized on the return trio. Under these

conditions th-e times for a ro'.-d trin, present skeg'= and 15° sk-g

cases, are shown in the table for d-_,taces, (one way) of 500 miles,

1.000 miles, _.5 0 . miles, and 2,009 miles. "or a tri r only

509 miles cut and 50 miles back the impact of partial 4tab-*7.atio

would -ean !cn o' P nul'7 Cay's transit time!

4.,..'-

The bar,e onerater- have observe' that under cer-,I.' con(!tiois

V, 'ul' control or the stern of t'e -hip . dffr'c zt nt ree_'t, and

',2v, (Yvreq2ed c cern that any solution to e retonal

-" problem net 'n-_e the lateral rh -'' . 'W itt," o- the

*. har<-e c .strn.

No experimrc.'s ",ave -<,,on ce-ducted '_n t' "erd: liowevo, a

25
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TABLE V

RESISTANCE INCREASE NECESSARY TO

STABILIZE BARGE

5.0 KNOTS 7.0 KNOTS 9.0 KNOTS

7.75' x 9.25' DRAFT

(Skegs @ 15°, Flaps)

-10.0' x 12.0' DRAFT 1 4 2
(Skegs @ 300, Flaps) _48% !40% _25%

TABLE V!

SELF-PROPELLED SPEED LOSS

7.75' x 0.25' Lraft 1O.C' x 12.0' Draft
PR2EZ SSKE-S ?TKE -S ,

:KEGS 15 SKTCS @ 30°

Sneed, Clear 7.10 5.85 5.20 3.35
>,ot tom, 'Kts

Speed, ouled 535 4.60 .80
Bottor, Kts

TABLE VIT

SPEED LOSS U'ND7R OW

(Co stant ,.N-e- or 7ug)

7.75' x 0.25' DRAPT

NOC 5.00 6. C.

SPEED A7TPP.n
"ABI .I.AT 10N, 2.A5 3.73 5. r• • '
'< c S k e g f " 7) o

, : 'E)_ L'',, .:-  2.25 .. )0 - :., :

5 60

I 1.0.... 1..".."%

le- P -L.



TABLE V: I

LOSS IN TRANSIT TIME DUE
TO STAB!LZATLQ

ASSUME: (1) CONSTANT Lo0 TRHD AVA!_.ABLE FROM TLG.

(2) OUTBOUND (WITH SKEGS @ .1.50) AT

-X 1.' nAF-

(3) RETURN AT 7.75' X 9,25' DRA7T

(4) PARTIAL STABILIZATON - - SKEGS I 150

ME FTJ OuNIR I N P HR

-. ' DISTANCE, ONE WAY 500 MI 1099 M 1500 MI 2000 "'.

PRESENT SKEG
CL0NcURATON .U. 22.. 331 442

Ac T7:R ST ABI' TZAT TON -134 2,. in2

LOSS N TTME, HRS 2/4 47 7' OL,

-4:-7

-4%
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visit to the barge and inspection of the wake of the V,-S propulsor

units as they change direction reveals the probable source of the

difficulty. The aft skeg is directly in the path of one of the

V-S propulsors race as the units swing from 30 to 650 off dead

astern (see Figure 7). The effect of this flow interference is

clearly evident when viewing the wake from astern. The least

"shadow" effect will occur by turning the skegs into the flow, a

skeg angle of about 450. This. of course, is not an acceptable

solution from a resistance Doint of view, as has been discussed

in Section 3.2 However, turning the skegs outboard thr any :,?ole

uD to 450 will tend to improve the situation, not damage

A -;keg angl-e of 2¢° is shown in Figure 7.

.4MOVA9LE SKEr.S

A solution which could acco-T~odpte tlie range of >uon uu-

lined in the previous sections wvI'" be t make the aft skegs movable,

m:.. a rudders, except witho':t thi co"'trol qystem, Enct movab'le

s e w o nc u e mounted on a s-a .... rouc.' o occ

sFeg ang ,- ,oroprate for the o-,ratng e:'lt'.., T'e , -'C at

that angle. The expense of quch qlteration would be cns''crab

,;-eater than removing tle -resor' kc''. -ro" 'dfn? some ad'it

stnO(r!7;ng structure in, tie >'0-e '"-

7! n g ' e . q .: , ., t h e .1 .x i b : : t v '-"e ,-' .o - " ' " 'e " w o r '

cons mde r,-ion, if Stab'7 iI t.on - kew iq r,t ised .un - , '3,';

q0 o Iut 10 o

2n

¢ _ .. .- , ..-. -.. ..,, ., ... .. ,.t.'7 " -'-'' ". ---. -. , -. ' '' %
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3.5 STABILIZATION BY THE USE OF A DROGUE

A solution that has been suggested is the use of a drogue

towed astern to stabilize the barge. Tests incorporating a drogue

were included in the original Scope of Work but on reconmiendation

of Giannotti & Buck Associates, Inc., these were dropped Crom the

Test Plin. Essentially, the nroblem hith a drogue is that a much

higher drag penalty is involved for the same degree of stabilization.

An over-simolified reDresentation of the two cases, skegs and

'rogue, is shown in Figure 8. Skegs are lifting surfaces and as

sch Drag-to-r.ft Ratio of 2/3 is not unreasonable. Tv-s, the

-"-: @r-% -ntv for n ;4 ven tranvvrse stabilizing !or,:;. eild be

,,u'v 2/3,, of L- or l for smell a-gles On the other mand, ,'-en

Za Z k .. '4 "'4r, ) fairly 'on., on e o. '_ , , t be used to avoid

S.." C':;."'" Ts 'aj' n <'at th-e a- 'e ilower sketc'h in

3. will be a small ang-le arc that a larg(e rensio[n'n the line,

7 .to TOF, will be recuired ror the sane atwar... ...

'4t~i:z2, force, F. Assuming a drag nenaltv for th , d ofe f

* e 'x:'.",' tImes the nenaltv oF the skegs (w'.ch is eptimistic in

v the drogue) the '- oalttes associ'ated with t, ,e n,* a-a. pe .. .e

('ro',,t- are shown i Table TX. 0- t.s basis, t l i

'dre, "'lv bn Clim:'.lacd fro= fur'h,, consideration.

2C., '.T7", 'ZATION RV ,7 OF ENGINEC

A, oresenit, te barge under tow is "e 'z '-

'-p'

4 30
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TABLE IX

ESTIMATE OF THE ADDED EHP

FOR A DROGUE NECESSARY TO

EFFECT STABILIZATION

-- 7.75' x 9.25' DRAFT .... 10.0' x 12.0' DRAFT --

SKEGS DROGUE, SKEGS DROGUE,
' 150 SKEGS @ 00 @ 30c' S:EGS - 00

3.0 KTS 23 115 118 590

5.0 KTS 39 195 186 930

7.0 KTS 99 495 360 1800

9.0 KTS 178 890 560 2800

32
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engines. At normal draft it is necessary to use only one aft

engine and propulsor to straighten out the barge. At the heavy

displacement or under severe weather conditions both after engines

and propulsors must be used. Full load fuel consumption is about

20 gallons ner hour for each of the engines, but it is estimated

that at the partial load involved in stabilization the consumption

would only be 15 to 17 gallons per iour. At a- assumed maintenance

cost of $3.00 per hour and fuel cost of $0.50 ner 5gallon, this would

give a cost of about $11.00 Der bour for tW part4 al load use and

"4,r. C per hour for Full- load use.

An interesting study, which is beyond the scooe of this work,

would be to examine the proou!s7±or curves of several typical tucs,

and the SEACON to determine whether the least cost system would be

to use a tug with the SEACON engines used for stabilization only,

wit'- :ie SEACON engines at 'u2l power, or with SEACON i" the self-

,ronelled mode without tug.

3.7 COqT COYEARISON -- ENGINES VS. SKEGS

Consider the case shown in Table VIII for a trip of 50

out- ;no 500 miles back. W Ih the compromise aotutn o = 'ke' at

.'e .ndditional non-productive transit tim e iq o-e , ,

*''" cost of barge and crew is $6,000.00 Der Cay this "', ,at

t',c Co.t o r 
_,(-heving stabilization by t, ,, c' ske~s '

,nO -e wo01id be '6,000.00. On the (,otr hand, " t ,'

,,-nes, two engines out-,', * o . '" r ,turn, the coqt n'

'-i'ization would be only r,%n.no.

'3



The cost of installation for the skeg system is estimated to

be $10 - $12K for reorienting the skegs in a fixed position, assuming

-: that the conversion would take place during a regular drydocking

period and that only additional labor, material and crane services

would be involved. Using similar assumptions the cost of installing

movable skegs is estimated at $60 - $70K.

On these premises, the most cost effective solution is to

reject the ixed or movable skeg solutions and retain the present

system--stabilization with engines.

4.0 CONCLUSIONS

1. Length of tow cable and speed have little effect on eirectional

stability.

2. Trim aft improves stability characteristics.

3. Towing by bridle improves stability c'aracteris.

4. Directional stabilitv deteriorate- w".t> ieca -w ",3splacement.

5. The present confi:guration is stable at the light dis-)Iacement

-4.75' x 6.25' draft.) At the normal 7.75' x 9.25' draft

stabilization can be achieve' by turning the cxist';Tg sk, -
5~0"' " fl ,c o tb ard tr:_1 -',

!5 outboard and adding- " x P" 'laps to the outboa tr.

-uig e of the skeg. 7- nc)'ewe rull stabiliz2tion at the 0'
.II v (!raft, skcgs : ' Cl as nan twe q by ',rid!e wc(,, U ', <.'ess.rv.

At the 11.2' x -2. 75' d, raf the -ke.gs would have ,,' e

2 -50 wit', r' ,)q and brid 1 e tow.
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6. Flaps are very effective. Addition of flaps provide the

equivalent of an increase of 230 in skeg angle in achieving

stability, yet the price exacted, in terms of resistance,

would correspond to only 21 o increase in skeg angle.

7. Turning the skegs outboard to stabilize the barge will not

damage the lateral thrusting capability of the stern

propulsors, and, in fact, will nroduce some ir'rover'ent.

8. Movable or adjustable skegs are an expensive but viable

solution to the problem of stabilizing the barge without using

* . the engines.

9. Resistance penalties -or stabilization are bi:h. nr ex>ample,

at the normal draft and at 7.0 knots a 76% c reIse :n resistance

will be required. The corresponding self-prcreeY' s e-d 'oss

would be about one and one quarter knots (c-ean bottom.)

10. The propulsive efficiency of the Dresent s\'sten as "nferred

from the known speed and the model test results is quite poor

-- 13.4% and should be investigated for the 1)osibilities of

improvement. Well documented speed tri a'-: would be helnful in

this regard.

11. Speed loss inherrent fn using skeg, ,ta,1i1ization 71 'l ncrv.is.

transit times in excess of 20%. A 2A-1iour increase was nuted

under the assumotions in the 500 -)il' tri, studC:C.

12. In terms of cost effectiveness, the be q vohi on wi]i '

use the engine(s) for stabilizing tb',u .rt x,, r.

proven this to be an effective metbo2. " creas, c r.in t

time involved in a i-ed-skeg solution c-it ' ' n'IJce costs it

least three times as grea'z as the ', ' ," ne !-or stab z i, "
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